loss.`'5 Experimental studies have documented that MC exposures of 200 to 300 parts per million (ppm) for four hours reduce vigilance and motor coordination.67 An epidemiological study conducted by Cherry et al8 found that workers exposed to MC in their job reported an unusually high number of neurological symptoms. These studies and reports support the hypothesis that exposure to MC can depress the CNS at least temporarily.
Data concerning neurotoxic effects that persist after exposure ceases are sparse. The case reports`'5 document little or no chronic CNS dysfunction, and they provide no evidence that exposure to MC was responsible for the few chronic symptoms that were seen. In experimental studies researchers stopped monitoring subjects when exposure to MC ended, thus losing the opportunity to study chronic effects. In the study of Cherry et al 8 the increase in reported neurological symptoms may reflect only transient acute effects because the study participants were working with MC at the time of the survey. Also, the study may suffer from response bias and an inadequate comparison group of workers. In a follow up study that administered neurological and psychological tests to a sample of the original workers and to a matched comparison group the original finding was not supported. 8 Our study was designed to test the hypothesis that long term exposure to comparatively low concentrations of MC produces lasting effects on the CNS. Of particular interest is the type of exposure that may be found in occupational settings-namely, repeated exposures that occur routinely over many years to MC concentrations within the range of federal and state guidelines. Interest in the CNS centres on reduced attention and memory, as these impairments have been reported not only for exposures to MC but also for exposures to other solvents.9"' The design of the study differs from that of most retrospective studies of solvent exposures because the study groups were constructed specifically to meet particular design goals. It was our aim to eliminate current exposures to MC so that chronic effects could be studied, to maximise the exposure contrast and thus the possibility ofobserving effects, to control for potential confounding variables, and to examine sources of selection bias that could limit the generalisation of the research findings.
Method

DESIGN
The study employed an extreme groups design. Two groups ofpeople were chosen that differed as much as possible in past solvent exposure but were as similar as possible in potential confounding variables. In an attempt to eliminate current workplace exposure, only retirees were studied. All study protocols were reviewed and approved by the Human Research Committee of the University of California, San
Francisco.
CONSTRUCTION OF OCCUPATIONAL STUDY GROUPS
The study population consisted of retired airline mechanics who worked for a single airline and were members of one labour union. The labour union and airline provided us with access to the population and historical data about exposures to MC.
Retirees qualified for the field study on the basis of the jobs that they had held at the airline maintenance base. The research team met with representatives of the mechanics' labour union and the airline to identify target solvent exposed jobs having a high probability of routine exposure to MC and target comparison jobs having a low probability of any exposure to solvent. After the representatives identified these, the research team gathered information about the work practices and chemicals used in the jobs. Data were obtained by reviewing the airline company's records of all industrial hygiene assessments, by observing current work practices on visits to the workplace, and by interviewing long term employees who had held target jobs. From this information the list of target jobs was refined and reduced. Systematic scoring differences were resolved and corrected in the full set of data. All data were entered into computer files and the accuracy of the files was verified by comparing two independent entries of each file. Summary scores for colour vision, depression, anxiety, alcohol intake, motor speed, and reaction time were derived by computer analysis of the responses to test items.
Solvent exposed retirees
Statistical analysis
The dependent variables, all of which are continuous, were analysed using t tests. Composite scores were created for memory and attention tests by totalling the scores of individual tests once each test was standardised on the pooled group of subjects. For the sample sizes of this study, the t test has adequate power to detect large effects. The power of the two sided t test is 0-75, 0-84, and 0-91 to detect effect sizes of 0-8, 0-9, and 1-0 respectively.25 Even though the sample sizes are relatively small, the current study has sufficient power to detect large differences between the study populations.
Results
Demographic and potential-confounding variables
The solvent exposed and comparison groups did not differ significantly in measures of demographic and potential confounding variables (tables 3 and 4). On average, study participants in both groups were around 68 years of age, had worked for the airline for about 30 years, and had been retired for about five years. The p value reported is for a two tailed t test.
Dependent variables
the effect size was multiplied by -1 so that for all variables negative effects correspond to poorer performance by the exposed group relative to the comparison group. The exposed and comparison groups were similar in all dependent variables; none of the contrasts was statistically significant at p < 0 05. Trends in the effect sizes appear within clusters ofvariables. Within the psychophysical variables, which are ordered in fig 3 from the simplest to the most complex, little difference existed between groups in the simpler tasks but the solvent exposed retirees processed stimuli Exposed Mean more slowly in the most complex task. An unusual pattern appeared within the group of psychological variables showing effects ofdifferent signs formemory and attention. Whereas the exposed group scored higher than the comparison in the verbal memory tasks, they scored lower in attention tasks.
We examined the pattern of memory and attention effects by conducting separate t tests for each component test in the composite variables. The unexpected positive effects for memory appeared consistently across the six short term memory tests. The logical memory task displayed the largest positive effect One trend in the data suggested an attention effect worth further investigation. Whereas the solvent exposed group scored higher than the comparison group in memory tests, they scored lower in attention tests. This pattern is interesting because it is unexpected. If no differences existed between groups and all of the observed effect sizes were the result of random measurement and sampling errors, we would expect the magnitude and the sign ofthe effect size to vary randomly among memory tasks and attention tasks. That was not the case. If the effect sizes for memory were due to a potential confounding variable such as age, education, or verbal intelligence, then we would expect the attention effects to be positive also. The unexpected result suggests that there may be a subtle difference in attention that is difficult to detect.
In a second trend, larger effect sizes were associated with more complex tasks for the reaction time and attention tasks. This trend is consistent with the findings from an experimental study on the effects of exposure to MC on the CNS,6 and with the conclusions derived from a review of over 175 studies of low doses of alcohol use.26 The most sensitive cognitive tests in those studies were the tests that required subjects to perform two or more tasks simultaneously. In this study, the complex attention task, the PASAT, and the complex reaction time task required subjects to divide their attention between two cognitive tasks, retaining information in short term memory while operating on other information. Future epidemiological studies of subtle CNS effects may benefit from the development and validation of complex tasks appropriate for field research.
The overall conclusion of this study is that no effects on the CNS were attributable to chronic, low level exposure to MC. On the one hand, the findings may be comforting to people who work routinely with MC, particularly as this conclusion was supported by the study conducted by Cherry and her colleagues.8 On the other, lack of precision and sampling biases in a study can lead to such a conclusion when, in truth, cohorts differ. When no differences are found, it is important to evalute the bias and precision of the study, and much can be learned for future research by such an examination.
Although several important sources of bias were examined in this study, there may be others. A potential exists for attrition bias-for example, because mechanics who finished work at the airline before they retired were not studied. The direction of attrition bias in this study, if any exists, could be either positive or negative depending on the exposure and health state of the mechanics who left the airline. The finding ofno intergroup differences could result, incorrectly, from the disproportionate attrition of healthy, non-exposed workers or unhealthy, impaired, exposed workers. In future retrospective studies it may be beneficial to survey ex-workers to learn their reasons for leaving, their health state, and the attrition rates of each study group.
Random sampling and measurement errors can mask subtle differences between exposed and comparison groups. Although sampling errors may be reduced by increasing sample size, it is not without cost; in most field studies there is a trade off between the size of the sample and the size of the exposure contrast. When an attempt is made to maximise the exposure contrast, as in this study, comparatively small sample sizes are likely to result. It is not possible to maximise the contrast and the sample size simultaneously except in a special unlikely case in which no variability occurs in exposure within the exposed and comparison groups. As long as people in one group experience different degrees of exposure, some will be excluded from study in an extreme groups design. To obtain larger samples within this design would require starting with a much larger parent population. The other alternative, relaxing the criteria for inclusion in the study, would very likely dilute the exposure effect.
If measurement errors reduced precision in the current study, they were most likely to be errors associated with the independent variable, exposure. The dependent variables were measured in standardised conditions by trained examiners who employed established methods. By contrast, retrospective assessments of workplace exposures rely on measurements taken for other purposes, sparse data, and assumptions about the stability of exposure levels over time and tasks that may not be valid in all situations. Future retrospective studies may benefit from research into the accuracy of exposure group classifications that are based on employees' work histories and corporations' industrial hygiene records. Retrospective studies may also benefit from the development of biological markers that quantitatively identify remote occupational exposures.
The findings ofthe current study must be evaluated in context with other examinations of exposure to MC for the purpose ofderiving recommendations for workplace practices. Despite the lack of evidence associating MC to exposure with chronic CNS effects, persons who work with MC should be reminded that exposure has been associated with short term CNS effects, which could contribute to workplace accidents and cardiac arrhythmias. 
